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Abstract 
Windows are one of the most important components of the building envelope from which several high level 
performance requirements are expected. Some of these performances are contradictory with each other which 
increase the importance of the design and material selection of windows. Natural lighting and thermal performance 
are examples for the contradictions in window design. Usually when transparency is increased in windows the 
thermal conductivity of the system is also increasing which decrease the overall thermal performance of the window. 
Shutters are the components of a window which is mainly used to control the natural lighting through a window 
system. Another important benefit from the shutters may be its contribution to overall thermal performance of the 
window systems. As a Mediterranean country several types of traditional window shutters have evolved in Turkey. 
Istanbul is the historical and economical capital city of Turkey and wooden vertical pivoted shutters are the most 
common type of shutters in the traditional wooden Istanbul houses. There is also a growing trend in the usage of 
vertical PU filled aluminium roller shutters in these kinds of houses. Two houses using each other type of shutters are 
examined in 2012 for determining the most efficient type of shutters in terms of energy usage. An inventory analysis 
is introduced, a comparative assessment of embodied and operational CO2 emissions on the two case houses’ 
windows is realized and the results are presented in this paper.  
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1. Introduction 
The envelope of a building comprise of three components above ground: roof, external wall and 
windows & doors [1]. It is expected from these components to surpass many performance requirements 
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like, structural, thermal, water related, et cetera. Windows are the most crucial components in surpassing 
these performances as firstly, they are the components from which most of the performances are expected 
at the same time, and secondly they are the most delicate components among all. Hence, windows are 
crucial components in determining the overall energy performance of the buildings. Energy performance 
of a building is directly related with the emissions. In order to assess the energy costs of the buildings in a 
scientific manner all of the emissions can be converted to CO2. To take into account the emission of other 
greenhouse gases when calculating the level of greenhouse gas emissions, scientists have devised an 
equivalent measure: CO2e, which means carbon dioxide equivalent. Reducing the CO2e emissions is very 
important in achieving a sustainable and healthy environment. Hence, the embodied and operational 
energies in the construction and manufacturing of buildings and materials are popular research areas [2].  
There are operational and embodied energy costs related with the building industry. Operational 
energy is the energy spent at a building under usage. As the bill for energy is increasing day by day the 
aim of the designers should be to get maximum performance with minimum energy. There are several 
studies in the literature about the operational energy. The study of Maile, T. et al. is a good example for 
operational energy usage in buildings [3]. They studied the energy used in a building and compare it with 
simulated energy usage which was obtained in the design processes. Protecting the energy used in 
buildings is also very important and it is mostly related with the U-value of the external envelope. 
Suleiman, B. M., studied the operational energy usage in buildings using the U-values of the external 
walls [4]. The positive effect of insulation materials on the U-values of the external envelopes is 
significant. Friess, W. A., studied the effect of appropriate usage of thermal insulation on the building’s 
energy consumption [5]. Embodied energy is the sum of all energy spent to manufacture a building 
component or material. The embodied energy is an evolving criterion for buildings and materials. There 
are some manufacturers who give the total embodied energies and CO2 emissions of their materials but 
many others are not specified yet. There are several researches which studies building materials in terms 
of energy and emissions [2]. Kus, H. et al. studied the embodied energy of masonry wall units regarding 
manufacturing process [6]. Another example is a detailed study of Flury, K. et.al., about rock wool 
thermal insulation [7]. 
Turkey is a north-east Mediterranean country which has about 1600 km of coastal line to the 
Mediterranean Sea and Istanbul is the economic and cultural capital of Turkey. Although Istanbul lies in 
the northern parts of Turkey, which is about 500 km north of Mediterranean Sea, is affected by the 
Mediterranean climate with the effect of Aegean Sea and Sea of Marmora. Istanbul is also affected with 
the culture of Mediterranean region as it used to be the capital of Ottoman Empire which had economic, 
social, cultural and financial links with almost all of the countries in the south and east coasts of 
Mediterranean Sea. Like most of the other cities of the Mediterranean countries, Istanbul is also 
undergoing a rapid urbanization, which is reflected in massive demand for housing. This demand is 
usually affecting the traditional and historic old buildings negatively as they are under a continuous risk 
for extinction. There are continuous efforts for the conservation and restoration of these buildings both 
legally and socially which resulted many of them to be conserved or reconstructed recently. But these 
conservations or reconstructions have rarely been studied scientifically considering environmental issues. 
A research study has been started in 2012 for examining the external envelopes of these buildings. The 
aims of the study are to determine the environmental conditions of these buildings and propose 
sustainable principles and details for the conservation and reconstruction of these buildings. The results of 
the preliminary studies about the external walls of these buildings have been presented with a paper in 
Sustainability in Energy and Buildings 12 (SEB12) conference in Stockholm [2]. In this paper the results 
of the preliminary studies about the windows of these buildings and especially the sun light control 
systems are presented. The paper introduces an inventory analysis, and a comparative assessment of 
embodied and operational CO2 emissions on the two case buildings’ windows. 
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2. The Cases 
The case buildings are located in the Anatolian coastal quarters of Bosphorus, Istanbul. In Figure 01, 
photographs of the front façade of the case buildings are seen. Both cases are reconstructions of 
traditional Bosphorus region Turkish houses which were originally dated to the end of 19th century and 
reconstructed in 2007 and 2012. Both were equivalent in terms of architectural characteristics, size and 
materials. The case buildings represent all the original specialities of historical Bosphorus mansions. They 
are three storey high wooden buildings. Because of the sloped topography of the Bosphorus, there are 
semi basements which were used to be a storage house for firewood or coal. The semi basements and the 
footings were built as masonry. They have common living spaces (sofa) at the centre of each floor and 
four rooms surrounding this sofa. The front façades of the buildings are directed to north-west from which 
the European coast of the Bosphorus can be seen. The buildings have terraced gardens at the backsides. 
There are also water wells in the garden of the buildings which is another typical speciality of the 
Bosphorus mansions. The mansions are built up with load-bearing platform walls having lightweight 
timber structural system, which can also be seen in particular places around Turkey and the Balkans. The 
main structural components of the wall system are; posts/studs, bottom and top plates, braces/diagonals, 
headers and sills for window and door openings. The roof form is gable with wooden structural system 
usually having a 33% slope with mission clay roof tiles. The main façade characteristics of the Bosphorus 
mansions are the large ratio of window openings and the projections on the upper floors. The external 
wall openings, which are 32 % of the total façade area, are dominated by the window sizes of two-to-one, 
and are many in number. The windows are vertical slider type with counter balances which are operated 
with a pulley system. The openings are smaller on the ground floor, because of the privacy needs at that 
period. Almost the entire buildings were originally made of wood above ground. The opaque wall finishes 
were wood siding on the exterior side and lath and plaster in the interior. The buildings are reconstructed 
in an equivalent approach. The reconstructions kept most of the original attributes. The only difference 
between the originals and reconstructions is the change in the main structural system from wooden to 
reinforced concrete. The wooden cladding and windows & doors are the main components of the 
characteristics of the buildings [2]. 
2.1. Case A 
In 1980s, the Case A mansion was partly damaged because of the lack of maintenance and in 1992 it 
was damaged entirely because of a fire. The necessary architectural drawings for restoration were then 
prepared, and by the year 2004, the necessary permissions were granted. In 2005, the reconstruction 
works was started and completed at the end of 2008. The external wall core was built of vertical 
perforated bricks. Gypsum plastering was applied internally and a wooden siding externally. The entire 
facade was constructed similar as the original façade visually, in terms of the type of the main material, 
which is wood. The structural system of the roof was also changed into steel in order the attic to be used. 
Clay roof tiles were applied as the roof covering. But, the new roof system was detailed to have a thermal 
insulation and waterproofing membrane.  
The window system of the house is constructed mostly with the original wooden window details. 
Double glazed glass, new lock systems, new counter balance systems and new vertical aluminium roller 
shutter systems were preferred for windows, as the primary differences from the original details (Fig. 1). 
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Fig. 1. (a) General view of the Case a house; (b) View of the window system with the aluminium roller shutters are half closed from 
outside, Case a; (c) View of the window system from inside, Case a; (d) view of the aluminium roller shutter box with the lid of it 
open, Case a. 
In Figure 2, the reconstructed window elevation (a) and the window section detail drawings (b) are 
given. In the section, different parts of the window system, including the window sill, frame & sash, 
glazing, and roller shutters are marked with a1 – a11, in order to be separately taken into consideration in 
the calculations. The list of the components of the window system which comprise each part are: a1. 
Wooden frame; a2. PU filled aluminium shutters, air cavity, and head of the wooden sash; a3. PU filled 
aluminium shutters, air cavity, double glazing; a4. PU filled aluminium shutters, air cavity, and 
overlapping transoms; a5. PU filled aluminium shutters, air cavity, and double glazing; a6. PU filled 
aluminium shutters, air cavity, and head of the wooden sash; a7. Wooden siding, PU filled aluminium 
shutters, and head of the sash; a8. Wooden siding, PU filled aluminium shutters, air cavity, and wooden 
head of the sash; a9. Wooden siding, air cavity, rock wool, cements plaster, R.C. lintel, and gypsum 
plaster; a10. Wooden siding, air cavity, rock wool, cements plaster, aerated concrete, and gypsum plaster; 
a11. Wooden siding, rock wool thermal insulation, cements plaster, aerated concrete, and gypsum plaster 
 
       
Fig. 2. (a) elevation of the window, Case a; (b) section of the window, Case a 
2.2. Case B 
In 1996, the building was damaged entirely because of a fire. The necessary architectural drawings for 
restoration were then prepared, and by the year 2004, the necessary permissions were granted. In 2009, 
the reconstruction works was started and completed at the end of 2012. The external wall core was built 
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of autoclaved aerated concrete. Gypsum plastering was applied internally and a wooden siding externally. 
The entire facade was constructed similar as the original façade visually, in terms of the type of the main 
material, which is wood. The structural system of the roof was also changed into steel in order the attic to 
be used. Clay roof tiles were applied as the roof covering. But, the new roof system was detailed to have a 
thermal insulation and waterproofing membrane.  
The window system of the house is constructed mostly with the original wooden window details, with 
original wooden shutters. Double glazed glass, new lock systems, new counter balance systems were 
preferred for windows, as the primary differences from the original details (Fig. 3). 
 
     
Fig. 3. (a) General view of the window systems with the wooden shutters are closed, Case b; (b) View of the window system with 
the wooden shutters are open, from outside, Case b; (c) View of the window system with the shutters open from inside, Case b. 
In Figure 4, the reconstructed window system elevation (a) and the window section detail (b) of the 
façade are demonstrated. The details of the window can be seen in Figure 03-b. In the section, different 
parts of the window system, including the window sill, frame & sash, glazing, and roller shutters are 
marked with b1 – b9, in order to be separately taken into consideration in the calculations. b1. Wooden 
frame; b2. Head of the wooden shutter, air cavity, and head of the sash; b3. Head of the wooden shutter, 
air cavity and double glazing; b4. Louvers of the wooden shutter, air cavity and double glazing; b5. Head 
of the wooden shutter, air cavity, and overlapping headings of the sashes; b6. Wooden louvers of the 
wooden shutter, air cavity, and double glazing; b7. Head of the wooden shutter, air cavity and head of the 
sash; b8. Wooden siding, rock wool thermal insulation, cement plaster, R.C. lintel, and gypsum plaster; 
b9. Wooden siding, rock wool thermal insulation, cement plaster, aerated concrete, and gypsum plaster  
 
      
Fig. 4. (a) Elevation of the window system of Case b; (b) Section of the window system of Case b. 
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3. Performance Assessment 
3.1. Review of the Embodied CO2 of the window systems 
The Embodied CO2 (ECO2) is the mass of embodied carbon dioxide per unit mass or volume of 
material, usually expressed as kilograms of CO2 per tonne or m3 of material (kgCO2/t or kgCO2/m3) [8]. 
ECO2 values of all materials used in the case were examined and the total CO2 released from the window 
system was calculated for both cases. The inventory list is presented in Table 1, together with the unit 
CO2 equivalent emissions compiled from either directly from the manufacturers data sheets or from the 
most appropriate references. 
Table 1. Inventory list 
 Density 
kg/m3 
Emission 
CO2e 
Case A (Alüminyum Shutter) Case B (Wooden Shutter) 
Total Usage Total CO2e Total Usage Total CO2e 
Wood  
(sawn spruce) [9] 550 0.55 kg/kg 
88,5434kg 
(0,160988 m3) 48,69887 kg 
109,6656kg 
(0,199392 m3) 60,31608 kg 
Double Glazing 
(plain glass) [10] 
2600 
(2400-2800) 1,23 kg/kg 
24,02816 kg 
(0,0092416 m3) 29,55464 kg 
24,02816 kg 
(0,0092416 m3) 29,55464 kg 
Aluminium spacer 
(recycled) [11, 12] 2700 1,7kg/kg 
2,268 kg 
(0,00084 m3) 3,99168 kg 
2,268 kg 
(0,00084 m3) 3,99168 kg 
Molecular sieve 
(Aluminium 
silicate) 
- - - - - - 
Autoclaved 
Aerated Concrete 
(AAC) [13] 
500 191.6 kg/m3 0,094 m3 18,0104 kg 0,089 m3 17,0524 kg 
Polymer modified 
cementitious thin 
bed adhesive for 
AAC [13] 
1500 0.248 kg/kg 1,2905 kg 0,32 kg 1,363 kg 0,338 kg 
PU foam 
Between wall and 
window frame [9, 
13] 
30 191.54 kg/m3 0,0216 m3 4,137264 kg 0,0198 m3 3,792492 kg 
Gypsum plaster 
[13] 
1550 
1300-1800 0.198 kg/kg 
17,98 kg 
(0,0116 m3) 3,56 kg 
17,98 kg 
(0,0116 m3) 3,56 kg 
Rock wool [7] (70) 25-200 1.61 kg/kg 
2,345 kg 
(0,0335 m3) 3,77545 kg 
2,03 kg 
(0,029 m3) 3,2683 kg 
Wood 
(sawn spruce) [9] 550 0,55kg/kg 
6,38 kg 
(0,0116 m3) 3,509 kg 
6,38 kg 
(0,0116 m3) 3,509 kg 
PE membrane [9] (128 gr/m2) 1.6 kg/kg 0,08576 kg (0,67 m2) 0,137216 kg 
0,07424 kg 
(0,58 m2) 0,118784 kg 
Reinforced 
Concrete RC35 
[11] 
2400 0.18 kg/kg 26,4 kg (0,011 m3) 4,752 kg 
26,4 kg 
(0,011 m3) 4,752 kg 
Water-based Paint 
[11]  
1300 
(1liter=11 
m2) 
2.5 kg/liter 
4,32 liter 
47,58 m2 (15,86 
m2 x 3)  
10,81363 kg 
5,047 liter 
55,5168 m2 
(18,5056 m2 x 
3) 
12,6174545 
kg 
Aluminium shutter 
[11, 12] 2700 1,7kg/kg 
4,264 kg 
(0,00157928 m3) 7,2488 kg - - 
PU foam 
In aluminium 
shutters [9,13] 
30 191.54 kg/m3 0,006245 m3 1,1961673 kg - - 
TOTAL    139,705 kg  143,254 kg 
 Fatih Yazicioglu /  Energy Procedia  42 ( 2013 )  483 – 492 489
3.2.  Review of the U-values of the window systems 
The U-values of the window systems are calculated according to the details given in Figures 2 and 4 
and the lambda values obtained from the standard TS825 [15]. The effects of the air space between the 
shutters and the window frames/sashes are calculated according to the standard Iso-10077-2 2012 [16]. 
The equations used to calculate the U-Values are obtained from TS825 and can be seen below [15]. 
R = d1/λ1+ d2/λ2+…+ dn/λn      (1) 
1/U = Ri+R+Re       (2) 
R : Heat transmission resistance      (m2K/W) 
dn : Width of the material       (cm) 
λn : Heat conductivity value       (w/m2K) 
Ri : Heat transmission res. of the internal surface    (m2K/W) 
Re : Heat transmission res. of the external surface    (m2K/W) 
 
U values of the different parts of the windows systems of the first case are listed below: 
a1. This part comprises of the wooden frame of the window system with an area of 0,225 m2. The 
resulting U value is 0,35 W/m2K. 
a2. This part comprises of the PU filled aluminium shutters, air cavity, and head of the wooden sash of 
the window system with an area of 0,065 m2. The resulting U-value is 0,30 W/m2K. 
a3. This part comprise of the PU filled aluminium shutters, air cavity, double glazing of the window 
system with an area of 0,156 m2. The resulting U-value is 0,30 W/m2K. 
a4. This part comprises of the PU filled aluminium shutters, air cavity, and overlapping transoms of 
the sashes with an area of 0,035 m2. The resulting U-value is 0,27 W/m2K. 
a5. This part comprises of the PU filled aluminium shutters, air cavity, and double glazing of the 
window system with an area of 0,51 m2. The resulting U-value is 0,030 W/m2K. 
a6. This part comprises of the PU filled aluminium shutters, air cavity, and head of the wooden sash of 
the window system with an area of 0,05 m2. The resulting U-value is 0,30 W/m2K. 
a7. This part comprises of the wooden siding, PU filled aluminium shutters, and wooden head of the 
sash of the window system with an area of 0,018 m2. The resulting U-value is 0,19 W/m2K. 
a8. This part comprises of the wooden siding, PU filled aluminium shutters, air cavity, and wooden 
head of the sash of the window system with an area of 0,027 m2. The resulting U-value is 0,24 W/m2K. 
a9. This part comprises of the wooden siding, air cavity, rock wool thermal insulation, cement plaster, 
R.C. lintel, and gypsum plaster with an area of 0,11 m2. The resulting U-value is 0,79 W/m2K. 
a10. This part comprises of the wooden siding, air cavity, rock wool thermal insulation, cement plaster, 
aerated concrete, and gypsum plaster with an area of 0,11 m2. The resulting U-value is 0,50 W/m2K. 
a11. This part comprises of the wooden siding, rock wool thermal insulation, cement plaster, aerated 
concrete, and gypsum plaster with an area of 0,38 m2. The resulting U-value is 0,32 W/m2K. 
The total U-value of this window system is 0,31 W/m2K. 
U values of the different parts of the windows systems of the second case are listed below: 
b1. This part comprises of the wooden frame of the window system with an area of 0,27 m2. The 
resulting U value is 0,35 W/m2K. 
b2. This part comprise of the head of the wooden shutter, air cavity, and head of the sash with an area 
of 0,123 m2. The resulting U-value is 0,85 W/m2K. 
b3. This part comprises of the head of the wooden shutter, air cavity and double glazing with an area 
of 0,545 m2. The resulting U-value 0,85 W/m2K. 
b4. This part comprises of the louvers of the wooden shutter, air cavity and double glazing of the 
window system with an area of 0.25 m2. The resulting U-value is 1,1 w/m2K. 
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b5. This part comprises of the head of the wooden shutter, air cavity, and overlapping headings of the 
sashes with an area of 0,04 m2. The resulting U-value is 0,67 W/m2K. 
b6. This art comprises of the wooden louvers of the wooden shutter, air cavity, and double glazing 
with an area of 0,25 m2. The resulting U-value is 1,09 w/m2K. 
b7. This part comprises of the head of the wooden shutter, air cavity and head of the sash of the 
window with and area of 0,122 m2. The resulting U- value is 0,90 W/m2K. 
b8. This part comprises of the wooden siding, rock wool thermal insulation, cement plaster, R.C. lintel, 
and gypsum plaster with an area of 0,11 m2. The resulting U-value is 0,67 W/m2K. 
b9. This part comprises of the wooden siding, rock wool thermal insulation, cement plaster, aerated 
concrete, and gypsum plaster with an area of 0,31 m2. The resulting U-value is 0,49 W/m2K. 
The total U-value of this window system is 0,71 W/m2K. 
3.3. Review of the operational CO2 of the window systems 
In this part of the paper operational CO2 emissions due to the heat loses from the opaque parts of the 
external wall alternatives are going to be examined. The heat loses from the reconstructions according to 
the old and new legislations are going to be calculated and compared. The calculation is based on the 
equations given in the standard EN 832 [17].  
Qyear   =  ΣQmonth       (3)  
Qmonth = [H (Ti,month - Td,month) - ηmonth (φi,month + φg,month)] . t (4) 
Qyear  : Total heat energy need in a year     (Joule)  
Qmonth  : Total heat energy need in a month     (Joule)  
H   : Specific heat loss of the building     (W/K)  
Ti,month  : Average internal temperature     (°C)  
Td,month  : Average external temperature     (°C)  
Ηmonth  : Monthly average usage factor for heat gains   (unitless)  
φi,month  : Average internal heat gains     (W)  
φg,month  : Average solar heat gains      (W)  
t  : time, (a month in seconds( = 86400 x 30)     (s)     
H = Ht + Hv        (5) 
Ht = Uw . Aw        (6) 
Ht  : Heat loss due to convection and conduction     (W/K) 
Hv  : Heat loss due to ventilation     (W/K) 
Uw  : U-vale of the window system     (W/m2K) 
Aw  : Area of the window system     (m2) 
Since the performance of the window system when the shutters are closed is discussed in this paper 
heat loss due to ventilation is not calculated. 
Ha = 0,31 x 2,2 = 0,682 
Hb = 0,71 x 2,2 = 1,562 
Since the paper focuses on the heat loses from the windows heat gains are neglected and therefore 
equation (8) is used in the calculations.  
Qmonth = H . (Ti,month - Td,month) . t     (7) 
Oyear = H.∑ (Ti,month - Td,month)  . t        (8) 
Qyear, a = 0,31 x (12,4+12,4+10,6+6,3+1,6+0+0+0+2,6+7,1+10,5) x (86400 x 30 x 12) 
      = 612.282.240joule = 170,078 kwh = 15,989 m3 natural gas = 9,303 kgCO2e 
Qyear, b = 0,71 x (12,4+12,4+10,6+6,3+1,6+0+0+0+2,6+7,1+10,5) x (86400 x 30 x 12) 
      = 1.402.323.840joule = 389,534 kwh = 36,610 m3 natural gas = 21,307 kgCO2e 
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Average internal temperature is accepted as 19 C. The heat energy loses are calculated in joule units 
and then it is converted to kwh (1kwh = 3600000 joule). The heating system of the building is supplied 
with natural gas. 1 m3 natural gas provides 10,64 kwh energy, and in turn, 0,582 kgCO2e/kwh is released 
to the atmosphere [12, 13]. 
4. Results 
4.1. Embodied CO2 related results 
The results related with the embodied CO2 are listed below: 
• The total embodied CO2 emission for the window system with wooden shutters is 143,254kgCO2e and 
with the aluminium shutter is 139,705 kgCO2e. 
• The difference between the embodied CO2 in the systems is 3,549kgCO2e. 
• The difference between the embodied CO2 in the systems is relatively small. It can be inferred that 
wooden shutters and aluminium shutters are equivalent in terms of embodied CO2, as they are the most 
significant difference between the systems. 
• The calculations were realized as if the aluminium shutters are manually operated. If automatic/motor 
powered aluminium shutters are used the embodied CO2 of the system will increase accordingly. 
• Wood, water-based paint, double-glazing, and autoclaved aerated concrete are the most CO2e intensive 
components in both alternatives. 
• Paint, is the third most CO2 embodied material and as more wood is used in the window system with 
the wooden shutters more paint and so CO2 is embodied. 
4.2. U-values related results 
The results related with the U-values are listed below:  
• The U- value of the window system with the wooden shutters is 0,71 W/m2K and the U-value of the 
window system with the aluminium shutters is 0,71 Wm2K..  
• The air space between the aluminium shutters and the window sashes are slightly ventilated. As there 
is a gap of  about 8 mm width and 800 mm length in the window frame for the aluminium louvers 
operation which make the thermal conductivity of air cavity increase twice.  
• The air space between the wooden shutter and the window sashes are slightly ventilated. There isn’t 
any significant opening or gap measured in the shutter but some spots at the connections of the 
wooden louvers with the shutter sash leaks small amount of light which made the airspace be counted 
as a slightly ventilated. 
• The glazing with the U-value of 2,9 W/m2K is the weakest link in terms of U-values of the window 
systems.  
4.3. Operational CO2 related results 
The window system is one of the major components of the building envelope as most of the energy 
loses from the building envelope are resulted from the thermal loss from the windows. Thermal loss from 
buildings not only effects the operational costs, but also effects the environmental costs of the buildings 
negatively. The environmental operational costs, in terms of CO2e, of window systems of two traditional 
Istanbul houses are listed below: 
• 219,456 kwh more energy is lost from a single window if wooden shutters are used instead of the 
aluminium shutters.  
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• Natural gas is used as the heating source in the building. 219,456 kwh equivalent natural gas makes 
about 12 kg more CO2 emission to the atmosphere each year from a single window. (about 23 kg more 
CO2 if coal was used and about 10 kg more CO2 if electricity was used – *Turkey conditions) 
5. Conclusions 
The embodied and operational CO2 emissions of the window systems of two traditional Istanbul 
houses, one of which is horizontally pivoted wooden shutter and the other is vertically moving aluminium 
shutter, are calculated and compared in this study. It is derived from the comparison that, the embodied 
CO2 emissions is approximately same if the aluminium shutter is operated manually. If an 
automatic/motor powered aluminium shutter is used it is expected that the embodied CO2 emission of that 
system will increase dramatically. The resulting U value of the window system with the aluminium 
shutter is twice less than the window system with the wooden shutter. Hence, more energy is lost from the 
window system with wooden shutter. As the ratio of windows to opaque walls is about %32 in traditional 
Turkish houses the effect of the U-value is very important. So from an environmental point of view the 
use of aluminium shutter is appropriate. On the other hand the wooden shutter is more authentic and so 
from a conservative point of view the use of wooden shutters may be preferred.  
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